We examined growth differences in external and skull morphology between spring and autumn cohorts of the large Japanese field mouse (Apodemus speciosus). We analyzed 271 specimens from the Kyoto population, which had 2 discrete breeding periods, spring and autumn. Growth differences between the 2 cohorts were found in body weight and head and body length. The spring cohort grew rapidly in the summer following birth, whereas the autumn cohort showed growth inhibition during the autumn and winter soon after birth and rapid growth the following spring and summer. The centroid sizes (CSs) of the cranium and mandible showed similar growth patterns, but no significant postweaning growth was observed in ear length or hind-foot length. Cranium and mandible shape showed weak growth changes related to increases in CS. Decreases in mean body size during the winter were found only in males from the spring cohort. No significant difference was found between adult samples from the spring and autumn cohorts in either external or skull morphology. We suggest that insufficient food resources is the major factor causing the growth inhibition in the autumn cohort and postulate that winter survivability, which is related to reproductive competition, explains the body-size reduction in winter observed in males from the spring cohort. DOI: 10.1644/09-MAMM-A-305.1.
Seasonal differences in growth rates and the duration of the growth period have been studied in wild populations of various small mammal species (Kaneko 1978; Nishikata 1979; Pucek 1977; Schwarz et al. 1964; Zejda 1971) . In general, individuals born in the spring and early summer grow rapidly after birth, and individuals born in the late summer and autumn show marked retardation in their postweaning growth during the autumn and winter. As a result, individuals born in the autumn require longer to reach sexual maturation compared with individuals born in the spring. Pucek (1977) suggested that several factors affect growth retardation in winter for individuals born in the autumn, such as low temperature and short day length. Gliwicz (1996) compared the growth patterns of seasonal cohorts of root voles (Microtus oeconomus) and revealed growth inhibition in a portion of the summer cohort and in the autumn cohort. This inhibition was interpreted as an adaptive response to severe environmental conditions, leading to increased survivability in the winter.
The large Japanese field mouse (Apodemus speciosus) is endemic to Japan, where it is found on 4 of the main islands (Hokkaido, Honshu, Shikoku, and Kyushu) and small peripheral islands (Kaneko 2005 ). Previous studies found 3 different seasonal patterns in the annual reproductive cycle, corresponding to different geographic regions in its range, and multiple reproductions in a year. On Honshu 2 discrete spring and autumn reproductive periods were observed widely (Maehata 1996; Murakami 1974; Takada 1983; Tateishi and Shiraishi 1992) . Murakami (1974) noted that the initiation and cessation of the breeding period were affected by ambient temperature; he suggested that temperatures during the breeding periods on Honshu generally range from 1uC to 13uC in the spring and from 9uC to 23uC in the autumn and high temperature in summer and low temperature in winter inhibit the reproduction of Honshu populations of A. speciosus. Murakami (1974) interpreted the discrete breeding pattern observed for the Honshu populations as physiological responses to climatic conditions. Murakami (1980) found that the autumn cohort required longer to attain sexual maturity compared to the spring cohort in Kyoto populations on Honshu. The spring cohorts attain sexual maturity in approximately 6 months, and almost all individuals mate the autumn following birth. By contrast, most individuals from autumn cohorts require approximately 1 year to reach sexual maturation. Moreover, seasonal differences in the abrasion speed of molar teeth and food resources were reported from this population (Hikida and Murakami 1980; Tatsukawa and Murakami 1976) . These studies strongly suggest the presence of noteworthy differences in growth patterns between the spring and autumn cohorts of A. speciosus, but the 2 seasonal cohorts have not been compared for differences in external or skull morphology. We examined seasonal variation in the growth patterns of external and skull morphology using specimens from the Kyoto population.
MATERIALS AND METHODS
Sampling locality.-In total, 272 specimens of A. speciosus were used. All samples were captured at the Kamigamo Experimental Station, Field Science Education and Research Center, Kyoto University, Kyoto (35u049N, 135u469E) , from September 1993 to June 2000 with live and snap traps. The annual mean temperature at the site is 14.6uC, the mean annual rainfall is 1,582 mm, and it receives several centimeters of snowfall several times a year (Field Science Education and Research Center, Kyoto University 2003) . We followed guidelines of the American Society of Mammalogists (Gannon et al. 2007 ) for animal trapping and handling.
External measurements and age determination.-We measured body weight (BW), total length (TL), tail length (T), hind-foot length excluding claws (HF), and ear length (E) for each specimen, using standard methods before preservation. BW was measured to the nearest 0.1 g, TL and T were recorded to the nearest 0.5 mm, and HF and E were measured to the nearest 0.05 mm with dial calipers. Head and body length (HB) were calculated by subtracting T from TL. Skulls were extracted from fluid-preserved bodies and cleaned by hand. For all specimens the skulls and bodies preserved in ethanol were deposited in the Kyoto University Museum, Zoological Collection. Museum catalog numbers for the specimens examined are listed in Appendix I.
Nine tooth-wear stages (wI-wIX) were determined from the wear patterns on the occlusal surface of the upper molar toothrow, according to the criterion proposed by Hikida and Murakami (1980) . From tooth-wear stage and information on capture date we estimated the birth season and age in months for each specimen according to the relationships between absolute age and tooth-wear stages in each month revealed by Hikida and Murakami (1980) . Accordingly, samples from each cohort were divided into 10 age stages by age in years and capture season (Table 1) . Males and females were analyzed separately.
Geometric morphometric methods.-We analyzed cranium and mandible morphology using landmark-based geometric morphometrics (Marcus et al. 1996; Zelditch et al. 2004 ). Images of the dorsal side of the cranium and the labial side of the mandible were captured with a resolution of 5.3 megapixels using a Nikon D1X digital camera (Nikon Corporation, Tokyo, Japan). To standardize the procedure for capturing sample images, the occlusal surface of the molar toothrow on each cranium and the molar toothrow on each mandible were held parallel to the surface of the camera lens. Eighteen landmarks for the dorsal side of the cranium and 10 landmarks for the labial side of the mandible are defined and illustrated (Fig. 1) . Coordinate data for each landmark were digitized using tpsDig2 software (Rohlf 2005) .
Images of craniums and mandibles were captured twice to minimize errors caused by cranium and mandible orientation; each image was digitized twice to reduce the digitizing error. Four coordinate data sets for each individual were superimposed and averaged using generalized Procrustes analysis (GPA-Bookstein 1991) . GPA is a superimposition method for aligning coordinate data by scaling according to the centroid size (CS), translation, and rotation to minimize the sum of the Procrustes distances between each individual configuration and the mean configuration. CS is calculated as the square root of the sum of the squared Euclidean distances from each landmark to the centroid. Calculated coordinates of the mean shape using GPA and the mean value of the 4 CSs were used as coordinate data and CS for each individual.
All individual coordinate data were superimposed using GPA. Shape variables were computed as uniform components and partial warp scores (Bookstein 1991) examine shape differences among the different age stages, sexes, and cohorts. Visualizations of shape transformations along each relative warp were made using tpsSpline software (Rohlf 2004) . GPA, calculations of CS and shape variables, and relative warp analyses were conducted using tpsRelw software (Rohlf 2007) . Statistical methods.-Analysis of variance (ANOVA) was performed on external measurements and the CS of the skull to reveal any effects of sex, cohort, and age stage. Multivariate analysis of variance (MANOVA) was performed using skull shape variables. Normality and homogeneity of variance on each variable were tested using Kolmogorov-Smirnov test and Levene's test, respectively (results not shown). We also performed deviance partitioning analysis on external measurements and on the CS of the skull. This procedure specifies how much of the variation of response variables is explained by each factor. We performed the deviance partitioning analysis according to Alzaga et al. (2009) using the ANOVA model.
To test for differences among age stages, pairwise comparisons were conducted on external measurements, CS of the dorsal side of the cranium and the mandible, and shape variables. Tukey-Cramer tests were conducted on external measurements and CS. Finally, paired comparisons for cranium and mandible shape among successive age stages were executed using the bootstrapped Goodall's F-test (Goodall 1991) , with Bonferroni adjustment. Given the limited sample sizes, only individuals from age stage 1-7 were used for pairwise comparisons; individuals from age stage 8-10 were excluded from the analyses. Stage 5 of spring cohort male also was excluded from the pairwise comparison because of small sample size. Tukey-Cramer tests and bootstrapped Goodall's F-tests were performed to identify differences between cohorts or between sexes. TwoGroups6 (Sheets 2004) was used to perform the bootstrapped Goodall's F-tests and R version 2.4.1 (R Development Core Team 2006) was used for all other statistical analysis.
RESULTS
Year effect and breeding periods.-We checked the effect of different trapping year on morphological traits and found no significant effects (results not shown). Therefore, we pooled specimens from different years. In the field survey pregnant females were trapped only during 2 periods, from mid-March to mid-April and from mid-September to late November. No pregnant females were trapped in summer or winter. In addition, we did not capture any individual whose upper 3rd molar (M3) had not erupted (,1 month old- Hikida and Murakami 1980) in the winter or the summer.
Analysis of variance and deviance partitioning.-The results of ANOVA conducted on external measurements showed that interaction between cohort and age stage and main effects of sex were significant in BW, HB, and T (Table 2 ). This suggests the presence of sexual dimorphism (main effect of sex) and seasonal variation in the growth pattern (interaction between the cohort and the age stage). For E, the interaction between cohort and age stage was significant, but the main effect of sex was not. HF showed no significant interaction effect between cohort and age stage, but significant effects of sex and cohort were found.
Both the dorsal sides of the cranium and the mandible showed similar results to BW, HB, and T in their CS and shape variables in ANOVA and MANOVA (Table 3) . That is,
FIG. 1.-Landmarks for
Apodemus speciosus used in the present study. Definitions of each landmark are as follows. a) Dorsal side of cranium: 1, tip of nasals; 2, most anterior point of the suture between the nasals and incisives; 3, anterior tip of the anterorbital plate; 4, intersection of the sutures on the premaxillary, maxillary, and frontal; 5, most posterior point of the suture between the nasals and premaxillary; 6, most posterior point of the suture between the nasals; 7, most anterior point of the temporal fossa; 8, most posterior point on the suture of the maxillary and frontal; 9, most interior point of the temporal fossa; 10, intersection of the sutures on the frontal, parietal, and squamosal; 11, most posterior point of the temporal fossa; 12, intersection of the sutures between the frontals and parietals; 13, intersection of the sutures on the parietals and interparietal; 14, intersection of the sutures on the parietal, interparietal, and occipital; 15, tip of the mastoid process; 16, exterior tip of the occipital crest; 17, most posterior point of the suture between the interparietal and occipital; and 18, most posterior point of the cranium. b) Mandible: 1, anterodorsal border of the incisive alveolus; 2, anterior edge of the molar toothrow; 3, ventral border between M2 and M3; 4, most anterior point on the curve of the coronoid process; 5, anterior edge of the articular surface of the condyle; 6, most posterior point of the condylar process; 7, most anterior point on the curve of the posterior boundary of the mandible; 8, dorsal tip of the angular process; 9, most dorsal point on the curve of the ventral boundary of the mandible; and 10, anteroventral border of the incisive alveolus.
the interaction between cohort and age stage and the main effect of sex were significant in the ANOVA on CS and in the MANOVA on shape variables both for dorsal side of cranium and mandible. This result suggested that skull morphology also exhibits sexual dimorphism and seasonal variation in growth patterns as BW, HB, and T.
For 7 measurements BW, HB, T, and CS of dorsal side of cranium and mandible showed similar results in deviation partitioning analysis (Table 4) . A high proportion of the deviation was explained by age stage (44.61-60.88%), especially for the CS of the skull. The positive effect of cohort and the negative effect of the interaction of cohort and age stage had made a greater contribution. The effect of sex was low for all measurements (4.16-10.28%). For E and HF a large proportion of the total deviance was unexplained. The deviance explained by age stage and cohort in HF and sex in E were relatively higher.
External measurements and age stage.-Body weight (BW) showed clear differences of growth pattern between 2 seasonal cohorts (Fig. 2a) . When a successive series of age stages was compared, the spring cohort showed a large increase in BW from age stage 1 to 2 in both sexes (in females, this increase was statistically significant). In males from the spring cohort a marked decrease in mean BW from age stage 3 to 5 and an abrupt increase in mean BW from age stage 5 to 6 were found. Females from the spring cohort also showed a slight decrease in BW at stage 4. The patterns in the autumn cohort differed from the patterns observed for the spring cohort. In the autumn cohort a small increase in mean BW from age stage 1 to 2 was seen, but rapid increases were found from age stage 2 through 4 in both sexes. Overall, males were relatively larger than females at the same age stage. Significant differences in BW were found between spring and autumn cohorts at age stage 2 in both sexes and at age stage 3 in females. HB showed similar patterns to BW (Fig. 2b ). Significant differences between successive age stages were observed between stage 1 and 2 and between 5 and 6 in males, from stage 1 to 3 in females in the spring cohort, and from stage 2 to 4 in males and between stage 3 and 4 in females in the autumn cohort. Significant differences between cohorts were observed in stage 2 and 3 in both sexes and in stage 5 in males.
The growth pattern for T differed from that for BW and HB (Fig. 2c) . In the spring cohort rapid growth from stage 1 to stage 3 was observed both in males and females (the difference between stage 1 and 2 was significant). In the autumn cohort growth retardation in stage 1 and 2 was observed only in females (the differences are not significant).
In males observed differences between stage 1 and 2 were significant. After stage 2 the significant size increase continued until stage 4, as for BW, both in males and females.
No winter size reduction in males from the spring cohort was clearly observed in T. The difference between cohorts was significant in stage 1 in males, stage 2 in both sexes, and stage 3 in females. No significant differences were found in HF and E between successive age stages in either cohort ( Fig. 2d for HF; Fig. 2e for E). The only exception was for females from the autumn cohort, where age stage 2 and 3 differed significantly in HF but only to a minor degree in absolute terms. Males had relatively larger values for both HF and E than females. No statistical difference was observed between the spring and autumn cohorts in either measurement in either sex.
Skull size and shape and age stage.-Centroid size of the dorsal side of the cranium showed a similar growth pattern to BW and HB (Fig. 3a) . The spring cohort showed a significant increase in mean CS from age stage 1 to 2. By contrast, the autumn cohort showed slow increases during age stage 1 through 3 but a rapid increase from age stage 3 to 4. Males in the spring cohort exhibited significant decreases in mean CS from age stage 3 to 5. Males tended to have a larger mean CS than females in the same age stage. Pairwise comparisons also revealed that the spring and autumn cohorts differed significantly in CS at age stage 2 and 3 in both sexes and at age stage 5 in males.
Regarding the relative warp analysis on the shape variables of the dorsal side of the cranium, only the 1st axis (RW1; 24.5% of total variance) showed changes with age stage. The patterns between RW1 and age stage were somewhat similar to the patterns depicted for CS but were not as prominent (Fig. 3b) . In the spring cohort a relatively large increase in mean RW1 was seen between age stage 1 and 2. By contrast, the autumn cohort showed gradual increases in mean RW1 throughout age stage 2-4. Conversely, the shape differences between one age stage and the succeeding stage were not statistically significant, by bootstrapped Goodall's F-tests. The Goodall's F-tests also revealed no significant difference in shape between sexes or cohorts.
The pattern between mandible CS and age stage in the spring cohort exhibited the following trends: a relatively large increase in the mean value between age stage 1 and 2; a decrease from age stage 3 to 5; and increases after age stage 5 (Fig. 4a) . CS in the autumn cohort increased gradually from age stage 1 through 4. Males had slightly larger centroid values than females, which was consistent with the trends observed in the other measurements. The differences between cohorts were significant at age stage 1, 2, 3, and 5 in males and at age stage 2 and 3 in females.
In the relative warp analysis of mandible shape scores for the 1st axis (RW1; 24.3% of total variance) were changed with age stage. The observed pattern of changes in RW1 associated with age stage does not appear to match the patterns seen with cranium or mandible CS, especially for the autumn cohort (Fig. 4b) . For the spring cohort both males and females showed increases in the mean score value from age stage 1 to 3, decreases from age stage 3 to 5, followed by further increases. The mean values obtained for males in the autumn cohort indicated gradual increases in all successive age stages, whereas in females changes in mean values were relatively small. No statistically significant difference in shape was found between successive age stages or between cohorts. A significant difference between cohorts was detected only with age stage 3 females.
For the dorsal side of cranium shape changes with growth were observed as longer rostrum, smaller braincase, and enlargement of the temporal fossa and anterorbital plate (Fig. 5a) . The mandibles showed shape changes with growth as a shorter alveolar region in addition to enlargement of the muscle attachment regions (Fig. 5b) .
DISCUSSION
In our field survey, no pregnant females were trapped in summer or winter. In addition, we did not capture any individual less than 1 month old in the winter or the summer. These facts support a previous report by Murakami (1974) that the Kyoto population has 2 discrete annual breeding periods in the spring and autumn.
Our analyses revealed significant differences between 2 seasonal cohorts of A. speciosus in postnatal growth patterns with respect to external measurements and skull morphology. The spring cohort commenced rapid growth soon after birth that continued through the autumn. By contrast, the autumn cohort was characterized by growth retardation during the autumn and winter following birth and rapid growth in the subsequent spring and summer. Such differential growth patterns among seasonal cohorts have been reported in other Apodemus species (A. agrarius [Adamczewska-Andrzejewska 1973] and A. argenteus [Nishikata 1979] ). These previous studies focused primarily on increases in body mass. In our study, differences in growth patterns between cohorts were found not only in BW but also in HB, T, and skull size and shape. E and HF did not show clear correlations with age or cohort. It is suggested that these growth pattern differences between BW, HB, and T versus HF and E are caused by differences in the development period between body dimensions. Oh and Mōri (1998) studied the growth of A. speciosus under laboratory conditions. They demonstrated that young showed large increases in BW, HB, and T until 120, 90, and 80 days of age, respectively, whereas young needed shorter growing periods of 35 and 40 days for HF and E, respectively. All of the specimens examined in our study possessed fully erupted M3s. Therefore, we believe that all of the specimens were more than 1 month old (Hikida and Murakami 1980) . Because the majority of the individuals in our samples were considered to possess hind feet and ears that were of full adult size, our measurement data did not show significant differential growth in HF and E among successive age stages. The patterns between the CS of the dorsal side of the cranium and the mandible with age stage were similar to the patterns observed in BW and HB. Conversely, the pattern between RW1 value and age stage, sex, and cohort were not as distinct as with CS. These pattern differences probably result from the large variance in shape in each group. The SD ranges for each of these RW1 plots are considerably larger (Fig. 4 ) than was observed with CS (Fig. 3) .
The growth pattern recorded under laboratory conditions (Oh and Mōri 1998) seems to exhibit a stronger similarity to the pattern observed in the spring cohort than the autumn cohort in our study. Therefore, we can conclude that the growth pattern of the spring cohort is the ordinary growth pattern for this species, and the growth of the autumn cohort is inhibited during the 1st autumn and winter. Pucek (1977) reviewed the negative effects of low temperature and short day length on the growth of small mammals. In experimental studies of laboratory mouse and rat species under low temperature or short day length, only decreases in growth rate have been observed (Barnett 1965; Boon et al. 1997) , and the marked growth retardation such as that observed in our study has not been reported. Therefore, low temperature and short day length do not seem to make major contributions to the marked growth retardation observed in our study. Tatsukawa and Murakami (1976) conducted a dietary analysis by examining stomach contents in the Kyoto population. They reported that young and subadult mice from the spring cohort used insects as a primary food resource, but individuals from the autumn cohort relied on plant materials as their main source of nutrition. The main plant food consumed by A. speciosus in autumn and winter is acorns, which contain about 4.5% crude protein (Shimada 2001 (Shimada , 2009 ). In comparison, laboratory rats and mice are reported to require approximately 15-20% protein in their diet to maintain high growth rates after weaning (National Research Council 1995). Anthony and Edozien (1975) showed that laboratory rats raised on diets containing lower protein concentrations or restrictive diets showed little increase in weight. McAdam and Millar (1999) also reported that supplementation with a high-protein diet increased the growth rates of young and accelerated maturation in female deer mice (Peromyscus maniculatus). From these studies, acorns, which are the main food resource in autumn, can be regarded as insufficient protein resources for the growth of young individuals. Moreover, the wet weight of the stomach contents was lighter in the autumn cohort than in the spring cohort at both young and subadult stages (Tatsukawa and Murakami 1976) . Therefore, we suggest that protein deficiency derived from the low quality and quantity of food resources during the autumn and winter has an important effect on growth retardation for autumn cohorts of A. speciosus. The food conditions become sufficient in the spring that the autumn cohort can undergo rapid compensatory growth, consequently reaching the same size as the spring cohort.
In small mammals a significant decrease in body mass in winter is known as the Dehnel effect (Hays and Lidicker 2000; Heldmainer 1989 ). This size reduction reduces the total basal power and conserves energy (Lovegrove 2005) . A physiological mechanism similar to Dehnel effect might apply to the autumn cohort of A. speciosus because low body mass in winter arising from growth retardation maintains low energy consumption in winter. Gliwicz (1996) interpreted the growth retardation in M. oeconomus as an adaptive response that increases the chance of surviving the winter. Growth retardation of the autumn cohort was considered to be disadvantageous for individuals in that cohort because it delayed the time of 1st reproduction and reduced the opportunity for reproduction (Murakami 1980) . Nevertheless, we suggest that growth inhibition resulting from food shortage might have an advantage in increasing winter survivability via reduced energy consumption.
In our study males from the spring cohort showed a size reduction between stage 4 and 5, that is, during the 1st winter and the following spring. Although the biological significance and degree of decrease are still unclear because of low statistical power due to the small sample size in stage 4 and 5, the observed size differences among stages were quite large. The body weight reductions observed in young males from the spring cohort were larger than those of females or old males from the autumn cohort. Moreover, the decrease in head and body length was found only in young males of the spring cohort. If direct metabolic or physiological responses such as Dehnel effect in response to fluctuations in climatic conditions caused the size reductions, body-size reductions would have been observed equally in both the autumn and spring cohorts, and in both males and females. Therefore, we suggest that the observed temporary size reduction in winter is not directly related to physiological factors.
The ranges for measurements taken from age stage 4 and 5 (the stages with size decreases) were mostly nested within the smaller values recorded for age stage 2 and 3 (the groups with size increases). Specifically, the CS values of dorsal side of cranium for age stage 2 and 3 ranged between 39.03 and 42.03, and the values for age stage 4 and 5 fell within a range of 39. 87-41.27 . From this the downward shift in mean body size was explained by the removal of larger males from the population. One hypothetical explanation for this selective process is the higher cost of reproduction for males. If reproduction imposes high costs on males, such as through competition with other males, young males from the spring cohort might participate in reproduction through 2 different strategies. Large males would take part in the autumn reproduction and die in the winter because of high costs of reproduction. Alternatively, smaller males might not participate in the autumn reproduction but might wait until the following spring to compensate for their continued growth. Several studies suggest the existence of mate competition among males of A. speciosus. Male-dominant sexual dimorphism, as was observed in our study, indicates the presence of competition among males for reproduction. A study of home-range size (Oka 1992 ) also suggested that male-male competition and female choice occur in the breeding season. Kondo (1977) observed that male social rank was positively related to body weight, and aggressive interactions were more frequent among males than among females or between males and females. These observations suggest that larger males realize a selective advantage during competition with other males and during reproduction at the expense of a high cost from same-sex competition or a high cost from protecting a territory. Therefore, size reduction observed in our study is likely explained as an ecological process related to competition during reproduction and winter survivability. Further ecological research on wild populations focused on the relationships between winter survivability and individual characteristics, such as sex, cohort, and age, is needed to reveal the factors affecting the size reduction observed in this study. Hikida and Murakami (1980) showed that the rate of molar abrasion differed between spring and autumn cohorts in A. speciosus. They revealed that the molar crown wears off more rapidly in the autumn cohort than in the spring cohort when individuals are between 2 and 8 months old. This period corresponds to the growth stages of juveniles and subadults for the autumn cohort. This leads to the assumption that molar loading against chewing muscles and bones is expected to be generally larger in the autumn cohort than in the spring cohort at the juvenile and subadult stages. Abed et al. (2007) compared the cranium morphology of laboratory rats raised with controlled diets, one with hard food (commercial food), and another with soft food (powdered food). They showed that the hard-food group was larger than the soft-food group, especially in the vertical linear dimensions of the cranium and mandible. These measurements match the areas where the chewing muscles attach. Therefore, the 2 seasonal cohorts of A. speciosus also are expected to show differences in skull morphology because of qualitative differences in food sources.
However, our analysis revealed no difference in skull shape between the 2 seasonal cohorts. CS differed significantly between the 2 cohorts during the growing period (age stage 2 and 3) and during the decreasing period for males from the spring cohort (age stage 5), but significant differences were not found at the other stages. These results suggest that differences in birth season had no significant effect on skull size and shape in adults. Two factors could be responsible for this result. First, because of the large variances within each age stage (Fig. 4) , it is likely that subtle shape differences between the 2 cohorts are masked by the large individual variation. A 2nd possibility is that any modification of skull shape in the autumn cohort also is inhibited by growth retardation during the autumn and winter. In the experiments of Abed et al. (2007) rats were fed enough nutrients for growth, and both groups showed a marked increase in cranium size. If the shape difference reported in their study was caused primarily by bone remodeling, linked to cranial growth, no difference would be expected in skull shape between the 2 cohorts of A. speciosus, because both cohorts grow rapidly in the spring and summer. This means that both cohorts would experience the same muscle loadings on the skull during the actual growth period. These 2 factors might have produced results contradictory to our expectations.
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FIG.
5.-Shape transformation of the a) cranium and b) mandible expressed by 1st relative warp score (RW1). Vectors illustrate shape changes from RW1 minimum to maximum.
